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ABSTRACT 
During last century’s evolution of the spatial form of the ancient town, the problem of uncoordinated 
development appeared, such as unbalanced land use layout, uncontrolled spatial order and 
inconsistent typological development. In the existing research, there are many quantitative studies 
on the spatial form in historical villages and towns, but relatively little qualitative and quantitative 
research on the spatial morphological principles and potential synergy between the old and new 
areas of the ancient town. The adaptation of historical towns needs to meet both the needs of 
preservation of the traditional structures and their generative matrixes and new appropriate  spatial 
connection with the context formed by new regions. Only if based on understanding of generative 
rules of existing morphologies and their historic overlapping, the measurement of spatial 
morphology synergy between the old and new areas of the ancient town can provide an assessment 
of urban adaptation. Its scientific measurement can integrate and manage the spatial coordination 
strategy. 
Fenghuang Town is typical and representative in the ancient towns of southern Shaanxi. The synergy 
measurement method of the old and new areas of the ancient town is mainly based on the old area's 
space form as a standard. This paper quantitatively analyzes the protection status of the old area 
and the inheritance status of the new area, and mainly measures the coordinated situation of spatial 
form from the spatial boundary, land layout, street, courtyard. Based on the integration of 
qualitative analysis and measurement results, a synergy development strategy of spatial patterns is 
proposed. 
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INTRODUCTION  
In recent years, with the improvement of China's urbanization level and the rise of tourism in ancient 
towns, the spatial expansion of most historical and cultural villages and towns is obvious (Wei 
Fengqun et al. 2016). In the process of spatial expansion, the new and old area in ancient towns 
will have collaborative or non coordinated development. In actual situation, the frequency of the 
latter is relatively high (Peng Jun, 2010). The international charter and domestic government policies 
have gradually paid more attention to the coordinated development of new and old area in ancient 
town. From the perspective of the overall spatial evolution in the ancient towns, the new and old 
area have shown a process from synergy to gradual uncoordinated development. The evaluation of 
the spatial coordination degree of the new and old areas is the basis of the spatial coordination 
strategy. Through the evaluation of the coordination degree of the new and old areas, it is helpful to 
maintain its traditional pattern and historical features, correctly handle the relationship between 
economic, social and historical and cultural heritage protection, and promote the coordinated 
development of new and old town space(Duan Jin et al. 2019). 
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BACKGROUND  
Fenghuang Town is located in the southeast of Zhashui County, Shangluo, Shaanxi. It is located at 
the confluence of the Zao River, the Shui Digou River and the Shechuan River, and it is an important 
trading town connecting the Yangtze River system and the Yellow River system south of the Qinling 
Mountains. The local specialties from northern China are transported to Fenghuang Town through 
the horse caravan and manpower, and then transported along the Han River to Hankou via the 
waterway. Jiangnan's silk and rice were also transported to Fenghuang Township by waterway, and 
then over the Qinling Mountains from the road to Xi'an. With the shrinking of water transportation 
and the improvement of highway traffic, Fenghuang  Town gradually lost its former prosperity. But 
many old workshops, old craftsmanship and more than one hundred ancient residences from the 
Ming and Qing Dynasties are still preserved. They are gathered on Fengzhen Old Street, and are 
called "living fossils of Jianghan Ancient Town" by historians. Fenghuang Town connects Guanzhong 
and Hubei through mule roads and Hanshui. It is an important wharf connecting Xi'an and Wuhan. 
It is typical and representative in ancient towns in southern Shaanxi(Sun Zhiqing, 2017). In recent 
years, the construction land of Fenghuang Town has grown rapidly, and problems such as 
uncoordinated townscape and poor residential environment have appeared(Chen Wenbin, 2018). 
How to promote the coordinated development of the old and new areas of Fenghuang town needs 
to be further analyzed combined with the evaluation results of the new and old areas coordination. 
METHODOLOGY  
Synergy refers to the transformation of different systems from disordered structures to ordered 
structures in time, space, and function(Luo Yan et al. 2013). It believes that the coordination among 
subsystems can form a macro motion form which is better than the sum of all parts. The spatial 
coordination of ancient towns mainly refers to the promotion of the coordinated development of 
various spatial system elements. The spatial coordination of the new and old areas is to promote the 
development of the old and new areas in the ancient town from the disordered and differentiated 
state to the orderly and coordinated state. Due to the different construction years, spatial layout, 
building materials, and construction methods of architecture in the old and new areas, there must be 
some differences in the spatial elements of the new and old areas(Huang Liwei et al. 2018). The 
coordinated development of the space in the ancient town should not only satisfy the demands of 
current development, but also realize the inheritance of traditional construction wisdom and achieve 
the purpose of continuation of history, reality and future. From this perspective, the essence of 
measuring spatial morphology synergy between old and new areas in ancient town is the qualitative 
and quantitative analysis of the continuation of various spatial elements of traditional building wisdom 
in traditional and modern regions and their current adaptability. Drawing on Kevin Lynch's five 
elements of urban image and M.R.C. Conzen's three morphological elements, this paper mainly 
evaluates the spatial form of the ancient town from four aspects: boundary, land, streets, and 
architecture .  
In this paper, considering the relevant research, the availability of indicators and the characteristics 
of the development of the ancient town, the indicators are selected to evaluate the spatial morphology 
coordination of the new and old areas in Fenghuang Town. The evaluation of the index system mainly 
adopts the single factor evaluation method. Multiple indicators are selected for each dimension, and 
the weight of the indicators is 1. The author makes a qualitative and quantitative analysis of the 
changes in each indicator. According to the comprehensive superposition of various indicators in 
each dimension, the overall development status of each dimension is obtained.(Tab. 1) 
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Table 1 Index system of measuring spatial morphology synergy between old and new areas in Fenghuang town (Shaanxi) 
Content Index Indicator interpretation 
Boundary 
Border shape 
The higher the similarity of the boundary shape of the construction land 
formed in the early stage, the higher the degree of coordination. 





，P is the perimeter, A is the area,   is the aspect 
ratio, and the minimum value of S is 1. The closer the value is to 1, the 
closer the boundary shape is to the ellipse. Taking the shape analysis 
index as the standard during the Ming and Qing Dynasties, the closer it 
is, the better the synergy is. 
Compactness 
Compactness=2√𝜋𝐴 ∕ 𝑃(P is the circumference, A is the area). The larger 
the value, the more compact the boundary shape. Taking the 
compactness as the standard during the Ming and Qing Dynasties, the 
closer it is, the better the coordination status. 
Land use 
Land organization 
The more the land can meet the current economic development 
demands, the better the coordination of the land organization. 
Building height Taking aesthetics as the standard,rich levels of building height are more 
highly coordinated. 
Land use balance 
Land use balance= H/Hm=-∑ 𝑃𝑖 𝑙𝑜𝑔 𝑃𝑖 / 𝑙𝑜𝑔 𝑁-. , N is the number of land 
use types. Pi is the ratio of a certain land type to construction land. The 
balance is between 0-1. The smaller the value, the weaker the land use 
homogeneity and the higher the coordination degree of the ancient 
town. 
Street 
Street aspect ratio 
D (average building height along the street)/H (average street width). 
Taking the old area's aspect ratio as the standard, the closer the new 
area's aspect ratio is to the old area's aspect ratio, the better the degree 
of synergy. 
Correlation between global 
integration and local 
integration 
Calculated by spatial syntax software, the closer the correlation (R²) 
between the two is to 1, the better the coordination of the road network. 
Courtyard 
The direction of the longest 
side of the smallest 
circumscribed rectangle of the 
courtyard 
The higher the direction consistency, the higher the overall coordination 
Similarity of the form 
combined with the main 
courtyard plane 
The higher of similarity, the higher of spatial form coordination 
The similarity between the 
materials, colors, roof forms of 
the buildings in different 
courtyards and the old area 
The higher of similarity, the higher of spatial form coordination 
FINDINGS  
In terms of borders, the old streets in the Ming and Qing Dynasties appeared as "S" shapes. With 
the growth of construction land, affected by the Shechuan River, Shuidigou River and Zao River, the 
boundary is broken into multiple groups, but under the constraints of Fenghuang Mountain and 
Yingpan Mountain, the whole is still in the shape of "S". In the process of evolution, the boundary is 
elongated or widened, but the shape of "S" is still maintained. Judging from the change in the 
compactness of the boundary, the shape index of the boundary continues to increase, and the 
compactness of the "S" shape gradually decreases. 
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In terms of land use, from the perspective of the nature of the land, the old streets in the Ming and 
Qing Dynasties mainly included inns, grocery stores, banks, pharmacies and other shops. The land 
was mainly commercial finance and residential land. At the same time, there were temples built in 
and around the town . The format in the old street has evolved into accommodation, catering and 
specialty agricultural products sales in modern. The surrounding educational institutions, 
administrative management, commercial finance, and residential land are gradually increasing. 
Some temples in the town have been destroyed. Compared with the past, land use in the current 
situation can better meet the current development demands of tourism and modern agriculture. From 
the perspective of building height, it has the characteristics of low old street and high surrounding. 
Compared with the Ming and Qing Dynasties, the combination of building height is more abundant 
and the coordination is higher. Judging from the analysis results of the land use balance degree, the 
mixing degree of land is gradually increasing. 
In terms of streets, from the aspect ratio of different streets, the main street in the Ming and Qing 
dynasties was around 1.0, giving people a comfortable and intimate feeling. The width and height 
ratio of S307 Provincial Highway in the north is between 1-1.5, and the sense of enclosure between 
the road and the building is weakened. The width and height ratio of the main street in the western 
township is between 0.6-1, and the streets and lanes have a certain sense of depression. From the 
perspective of road integration, the correlation coefficient between the overall integration degree 
and the local integration degree of the road network gradually decreases, indicating that the 
coordination degree of the road network gradually decreases. (Table 2) 
Table 2 Synergy status of road network in different periods 
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In terms of courtyards, from the direction of the longest side of the smallest circumscribed rectangle 
of different courtyards, the courtyards in the plots around the Ming and Qing Old Streets form a 
vertical relationship with the contour of Yingpan Mountain. The courtyards in the new towns in the 
west and new streets in the east form a vertical relationship with the road as a whole. The overall 
coordination of the ancient town is low. Judging from the courtyards in different positions, the 
courtyards in the Ming and Qing Dynasties still maintained the original three- or two-court unit 
structure. Judging from the courtyards in different positions, the courtyards in the Ming and Qing 
Dynasties still maintained the original three- or two-court unit structure. Between 1970 and 2000, 
houses were mostly in the shape of a "one". After 2000, most of them were newly built communities. 
The materials and combinations of houses used in different periods vary greatly. Over time, the 
overall coordination of the ancient town gradually decreased.( Tab. 3) 
Table 3 Characteristics of courtyards in different periods 
Position Old street Old street in the east 
Old streets in the 
south and 
northwest 
Both sides of S307 
Provincial Highway 
Unit courtyard, newly 
built residential area 
Time Ming and Qing Dynasties 1912-1949 1970-1980 After 1990 After 2000 
Charact
eristics 
The front hall along 
the street is a shop, 
and the main 
entrance is a 
removable wooden 
board. The 
foundation of the 
house is made of 
stone. The walls are 
made of rammed 
earth and stone. 
The ground of the 
patio is paved with 
stones. 
The houses along 
the street are 
shops or living 
rooms. The walls 
are made of 
earth and stone. 
The main 
entrance is a 
wooden swing 
door. 
The walls are 
rammed earth. 
The house is 
supported by 
wooden pillars. 
There are multiple 
floors along the 
street, shops on the 
ground floor and 
residences on the 
upper floor. The 
house is a brick or 
concrete structure. 
The facade was 
renovated around 
2011. 
A building consists of 
multiple units. 
Picture 
     
CONCLUSIONS 
Through the measurement, it is found that in terms of spatial boundaries, the development of the old 
area is relatively compact, and the development of the new area has the problem of spreading. In 
terms of land use layout, both new and old areas have a high degree of functional mixing, the overall 
coordination is relatively high. In terms of streets, the overall coordination of the road network has 
gradually decreased, and the aspect ratios of the new and old streets have also shown inconsistency. 
Judging from the synergy of the courtyard space, the wisdom inheritance of the new area to the old 
area is relatively weak, and the synergy is relatively poor. 
In the future development process, in terms of the boundary, the growth of the space of Phoenix 
Town should be expanded in an orderly manner according to the logic of spatial evolution. Based 
on the analysis of spatial evolution, different levels of protection are delineated. In terms of land use, 
it is necessary to gradually guide the renewal and expansion of land use in combination with 
industrial development in the future, to avoid the functional changes caused by sudden changes in 
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the form of destruction of the ancient town's style, and at the same time to control the building height. 
In terms of streets, the aspect ratio of streets and lanes should be properly modified to continue the 
aspect ratio of traditional old streets. At the same time, through the appropriate adjustment of the 
road network to improve its coordination. In terms of the courtyard, it is classified and guided by 
comparison with the prototype. 
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